ABSTRACT
INTRODUCTION
Popcorn is a special type of flint corn primarily used for human consumption. Its production and consumption at the domestic and international level is rising mostly due to its valuable nutritive characteristics. Popcorn is consumed as a popular snack for its exceptional nutritional and functional properties, i.e. the average dietary fiber content of 17.79%, and low calorie count when prepared without oil or fat (Park et al., 2000; Paraginski et al., 2016) . Moreover, this type of corn is equally attractive to producers and merchants (owing to its high profitability), as well as consumers, so the breeding of popcorn must meet all their demands (Soylu and Tekkanat, 2007; Silva et al., 2010; Ribeiro et al., 2012) . Popcorn producers emphasize the use of high-yielding popcorn hybrids, whereas merchants and consumers pay increased attention to the quality of popped kernel, its volume and sensory characteristics. Therefore, the development of desirable sensory traits of popcorn is a topical issue at present. These traits are generally in a negative correlation, i.e. high-yielding popcorn hybrids usually produce low-popping volume of the flake (Rangel et al., 2011; Srdić and Pajić, 2011; Pajić et al., 2012 , Cabaral et al., 2016 . This poses a great challenge in popcorn breeding because certain factors favor one main trait at the expense of the other (Amaral et al., 2016) . Conversely, Sweley et al. (2012) found that some sensory characteristics such as popcorn texture and softness are positively correlated with the popping volume.
The popping volume is highly depended on the chemical composition of the kernel, mostly the proportion of hard endosperm. On the other hand, the grain yield is positively correlated with the 1000 kernel weight, share of the soft starch and kernel size, which all decrease the popping expansion (Hallauer et al., 2010) . Amaral et al. (2016) suggested a traitexpanded popcorn volume per ha PV, which provides an advantageous option for the reliable acquisition of simultaneous gains in both major traits of economic interest in popcorn, i.e. grain yield and popping volume.
The purpose of this study is to evaluate the agronomic and sensory characteristics of 12 ZP popcorn hybrids. The evaluation of popcorn hybrids should provide valuable information on the commercially desirable traits of the hybrids analyzed.
MATERIAL AND METHOD
A total of 12 popcorn hybrids were selected for this research, 3 commercial (ZP 611k, ZP 614k and ZP 501k) and 9 experimental, which were planted according to the RCBD in three replicates in the nursery field in Zemun Polje in 2016. The sowing density was 57,142 plants/ha, in the elementary plot of 7 m 2 , with 40 plants per genotype sown in two rows. Manual harvesting was performed when the grain moisture content was below 18%. The trashing of the material was also performed manually in order to minimize the pericarp damage. The grain moisture content of 14% was achieved by the natural air convection at room temperature in the laboratory. Moisture content was monitored by a Dickey-john GAK II moisture meter. At the grain moisture content of 14%, the standard samples of 250 g of each hybrid were popped, and the standard Metric Weight Volume Test (MWVT) procedure was applied using the Cretors 2300w -Official Metric Weight Volume Tester. Popping was performed with the standard amount of oil (150 ml).
The following agronomic traits were analyzed: grain yield (t/ha), kernel size (No. of kernels per 10 g), 1000 kernel weight, popping volume and the percentage of unpopped kernels. A total of eight sensory characteristics of popped flakes were evaluated, i.e. the appearance, taste, smell, tenderness, crispness, adhesiveness to the teeth, presence of pericarp and overall taste acceptability. At the end of the experiment, the average estimates of the traits analyzed were calculated. Sensory characteristics were evaluated by 18 voluntary panelists. Each panelist evaluated every sensory characteristic using a 1-9 score. The 9-point hedonic scale was applied ranging from 1 (extremely dislike), over 5 (neither like nor dislike) to 9 = extremely like.
The ANOVA was applied to analyze the results of grain yield obtained and other agronomic traits, as well as to establish differences between the genotypes. The comparisons between the average estimates computed were performed by the LSD tests.
RESULTS AND DISCUSSION
The analysis of variance showed that 12 ZP hybrids differ significantly with regard to the traits analyzed: grain yield, popping volume, kernel size and percentage of unpopped kernel (Table 1) . Consistent with the results obtained in this study, Soylu and Tekkanat (2007) found significant differences between the genotypes analyzed according to the popping volume, percentage of unpopped kernels, kernel size, 1000 kernel weight, but also with respect to the flake size, protein content, test weight and sensory evaluation. The highest yielding popcorn hybrid was the experimental hybrid ZP 557/1k (7.38 t/ha). Its grain yield was significantly higher than those recorded in all other hybrids, even the commercial hybrid ZP 611k which immediately followed in yields (6.61 t/ha). The lowest grain yield was produced by ZP 644/1k (4.78 t/ha), which was also significantly lower than those recorded in all other hybrids. The popping volume ranged from 28 cm 3 /g (ZP 501k) to 40.17 cm 3 /g (ZP 544/1k). The best yielding hybrid (ZP 557/1k) was ranked eighth according to the popping volume. This confirms the ever-present hindrance in breeding high-yielding and high-popping volume popcorn hybrids found in many studies and in practical work, i.e. the negative correlation between the grain yield and popping volume (Srdić and Pajić, 2011; Pajić et al., 2012) . Conversely, the ranking of the hybrids ZP 611k and ZP 586/1k did not differ significantly according to the traits noted above. Both hybrids had very high estimates for these traits, i.e. ZP 611k was ranked second according to the yield and third according to the popping volume, whereas ZP 586/1k was the third best yielding hybrid and had the second best popping volume (Table 2 ). Some studies indicate that there is a positive correlation between grain yield and popping volume, although non-significant and of a low magnitude (Amaral et al., 2016) .The percentage of unpopped kernels was very low and it ranged from 0.66% (ZP 586/1k) to 4.57% (ZP 501k). It was even lower in comparison with the research by Soylu and Tekkanat (2007) . These authors included our hybrid ZP 611k in the study, which also indicated favorable estimates consistent with those obtained for the ZP 611k hybrid in the present study. The number of kernels per 10 g indicates the size of the kernel. In this study, small kernels (> 76 kernels per 10g) were recorded in four hybrids (ZP 501k, ZP 645/1k, ZP 544/1k and ZP 644/1k). Five hybrids had midsize kernels (68-76), and three hybrids had large kernels (< 67) (ZP 611k, ZP 542/1k and ZP 657/1k). The 1000-kernel weight was presented only as a preliminary result, and without comparisons according to the LSD, as there were not enough replications. Nevertheless, this trait was completely in accordance with the kernel size. Featuring the largest kernels, the hybrid ZP 657/1k had the highest 1000-kernel weight. The kernel size, as well as the 1000-kernel weight, greatly influences the popping volume (Gökmen, 2004; Soylu and Tekkanat 2007) , and large-sized kernels mostly produce a lower popping volume due to the high percentage of soft endosperm (Gökmen, 2004; Pajić and Babić, 1991) . In this experiment, it was also found that large-sized kernels of the hybrids 542/1k and ZP 657/1k had a very low popping volume of 35 cm 3 /g. The best popping volume was produced by smallersized kernels of the popcorn hybrid ZP 544/1k (Table 2) . The analysis of the sensory characteristics of popcorn flakes showed that there are differences between 12 popcorn hybrids. The average estimates of sensory characteristics ranged from 5.86/9.00 (ZP 501k) to 7.90/9.00 points (ZP 542/1k) ( Table 3) . The hybrid ZP 542/1k also had the highest overall taste acceptability estimate (8.39), and the highest score in all analyzed traits, except in taste where it was ranked second. Conversely, this hybrid indicated moderate yielding performance and popping volume (Table 2) . However, the lowest yielding hybrid ZP 644/1k was the second best according to the sensory characteristics (8.17 overall taste acceptability). The best yielding hybrid ZP 557/1k scored moderately high estimates of the average and overall taste acceptability (7.13 an 7.11 respectively), while the hybrid with the highest popping volume ZP 544/1k performed even poorer (6.67).
Among the experimental hybrids, ZP 586/1k indicated a very high yield and popping volume, as well as favorable sensory characteristics (7.39 for the overall taste acceptability).
The results of this experiment showed that popcorn breeding is high challenging relative to market demands. Nevertheless, various breeding methods could result in enhancing the yield, popping volume and sensory characteristics of popcorn hybrids.
CONCLUSION
The results of this research confirmed that the popcorn genotype greatly affects the expression of the traits examined. There were significant differences between the experimental hybrids concerning all the traits analyzed. The hybrid that achieved the highest yield (ZP 557/1k -7.38 t/ha) did not present such a satisfactory result regarding the popping volume (36.67 cm 3 /g). Moreover, the highest-yielding hybrids, with the highest popping volume, did not always possess the most attractive sensory characteristics. Conversely, the hybrids ZP 611k and ZP 586/1k performed very well according to the yield and popping volume, whereas the hybrid ZP 586/1k exhibited very good sensory characteristics. These results underscore the paramount importance of high-yielding genotypes and the quality of final products in the popcorn hybrid breeding.
